


Introduction

Heavy BSM resonances (& 1 TeV) may decay into SM bosons (W, Z, H)

Plethora of final states, each one with its own peculiarities:

V → qq̄ W → ℓν Z → ℓℓ Z → νν H → bb̄

V → qq̄ VV → qq̄qq̄ WV → ℓνqq̄ ZV → ℓℓqq̄ VH → qq̄bb̄
W → ℓν WV → ℓνqq̄ WH → ℓνbb̄

Z → ℓℓ ZV → ℓℓqq̄ ZH → ℓℓbb̄

Z → νν ZH → ννbb̄

H → bb̄ VH → qq̄bb̄ WH → ℓνbb̄ ZH → ℓℓbb̄ ZH → ννbb̄ HH → 4b

Experimental challenges

SM bosons decay mostly to quarks (qq̄, bb̄)

Due to the large Lorentz boost W, Z, H decay
products merge into a single jet

Clustered within a large-cone jet (R = 0.8)

Investigation of the jet substructure

Groomed jet mass to mitigate pileup
contamination
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W, Z, H recontruction and identification

Grooming and jet mass

Pruning [1] (legacy 2015)

Soft drop [2] + PUPPI [3] (2016)
stable vs pileup
good mj resolution (10%)

Orthogonal mj categories:
W 65 < mj < 85 GeV
Z 85 < mj < 105 GeV

Higgs 105 < mj < 135 GeV

soft drop jet mass (GeV)
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Vector boson tagging (V → qq̄)

CMS uses N-subjettiness (τ21) +
PUPPI [4]

measures how consistent is the jet
with the 2 sub-jets hypothesis

Scale factor and uncertainties derived
from W → qq̄ in tt̄-enriched sample

Categorization according to purity:
High Purity (HP) τ21 < 0.35
Low Purity (LP) 0.35 < τ21 < 0.75
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X → VV → qq̄qq̄
CMS-PAS-B2G-17-001
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No significant excess found in data

Currently, the most stringent limits on mZ ′ < 2.7 TeV and mW ′ < 3.6 TeV
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X → VH → qq̄bb̄
CMS-PAS-B2G-17-002

All-hadronic search for V → qq̄ and H → bb̄ resonances

Similar topology and background estimation to VV resonances search, but
dedicated indentification for H → bb̄ (b-tagging)

Same preselections as VV, 2× 2× 2 = 8
categories depending on:

1 V jet mass: W (65 < mj < 85 GeV) or Z
(85 < mj < 105 GeV)

2 V jet τ21: high purity (τ21 < 0.35), low
purity (0.35 < τ21 < 0.75)

3 H jet b-tagging: tight (Hbb > 0.9) and
loose (0.3 < Hbb < 0.9) b-tag  (GeV)

W'
m

1000 1500 2000 2500 3000 3500 4000 4500

 e
ff

ic
ie

n
c
y

×
A

c
c
e

p
ta

n
c
e

 

0

0.1

0.2

0.3

0.4

0.5

0.6

W mass, high purity, loose b tag W mass, high purity, tight b tag

W mass, low purity, loose b tag W mass, low purity, tight b tag

Z mass, high purity, loose b tag Z mass, high purity, tight b tag

Z mass, low purity, loose b tag Z mass, low purity, tight b tag

Total efficiency

(13 TeV)

CMS
Simulation Preliminary

E
v
e
n
ts

 /
 (

 1
0
0
 G

e
V

 )

1−10

1

10

210

310

bbq q→ VH →X 

W mass, high purity, tight b tag

  (13 TeV)-135.9 fb

CMS
Preliminary

Data (362)

Bkg. fit (2 par.)

Bkg. fit (3 par.)

 = 2000 GeVV'm

=3)
V

HVT model B (g

 (GeV)VHm

1000 1500 2000 2500 3000 3500 4000 4500 5000

σ
)/

b
k
g

-N
d
a
ta

(N

4−
2−
0
2
4 /ndf = 7.6/8     p-value = 0.482χ

E
v
e
n
ts

 /
 (

 1
0
0
 G

e
V

 )

1−10

1

10

210

310

410

bbq q→ VH →X 

W mass, low purity, tight b tag

  (13 TeV)-135.9 fb

CMS
Preliminary

Data (1899)

Bkg. fit (2 par.)

Bkg. fit (3 par.)

 = 2000 GeVV'm

=3)
V

HVT model B (g

 (GeV)VHm

1000 1500 2000 2500 3000 3500 4000 4500 5000

σ
)/

b
k
g

-N
d
a
ta

(N

4−
2−
0
2
4 /ndf = 12.6/16     p-value = 0.702χ

E
v
e
n
ts

 /
 (

 1
0
0
 G

e
V

 )

1−10

1

10

210

310

410

bbq q→ VH →X 

Z mass, low purity, loose b tag

  (13 TeV)-135.9 fb

CMS
Preliminary

Data (14989)

Bkg. fit (4 par.)

Bkg. fit (5 par.)

 = 2000 GeVV'm

=3)
V

HVT model B (g

 (GeV)VHm

1000 1500 2000 2500 3000 3500 4000 4500 5000

σ
)/

b
k
g

-N
d
a
ta

(N

4−
2−
0
2
4 /ndf = 18.3/22     p-value = 0.692χ

8 / 17



X → VH → qq̄bb̄
CMS-PAS-B2G-17-002
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X → ZV → ℓℓqq̄
CMS-PAS-B2G-16-022

Search for resonances in the Z → ee or
µµ, V → qq̄ (either W or Z) channel

clean final state (leptons)
good mass resolution
large signal efficiency (∼ 65%)
penalized by Z → ℓℓ branching fraction

Search with ICHEP dataset (12.9 fb−1)

Usual τ21 categorization (HP, LP)  (GeV)W'm
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X → ZV → ℓℓqq̄
CMS-PAS-B2G-16-022

α-method background
prediction [shape]:

1 Transfer function
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X → WV → ℓνqq̄
CMS-PAS-B2G-16-020

Search for a resonance decaying to WV in
the leptonic channel (W → ℓν, V → qq̄)

ICHEP dataset (12.9 fb−1)

Categorization in τ21 and W/Z mass

Low mass extension down to 600 GeV

Kinematic recontruction of pν

z from mW

α-method for background prediction

Sensitivity similar to ZV → ℓℓqq̄: HVT
model A W’ excluded up to 2.0 TeV
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X → VH semileptonic
Phys. Lett. B 765 (2016) 32

Search for a resonance decaying to VH in
leptonic channels, with 2015 data (2.2fb−1)

Z → νν: use transverse mass mT
VH

W → ℓν: dedicated top control regions
Z → ℓℓ: high-efficiency dilepton identification

b-tagging of the Higgs sub-jets (1 or 2 b-tag)

α-method for background prediction

Combined HVT exclusion up to 2.0 TeV in
model B
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X → HH → 4b
CMS-PAS-B2G-16-008

Search for resonant di-Higgs in all-haronic (4b) final states
Two independent background prediction/Higgs tagging methods:

Smooth fit method

b-tagging of the sub-jets (3 or 4)

Fit exponential background
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Concluding remarks

2016 summary

Two brand-new diboson results for Moriond (VV and VH all-hadronic)

All major analyses with 2016 data already in an advanced state

Significant develpement in boosted object techniques
moving from pruning to soft drop + PUPPI in 2016
prepared to the challenges of 2017 data taking

Future outlook

We had a huge jump in luminosity in 2016

Immediate effect: the sensitivity of the single analyses already ruled out
Run I + 2015 combination

Situation is going to change in the next future: such a rapid increase
won’t happen again at LHC

Exploit excellent synergy between analyses in view of a combination:
common algorithms for object reconstruction and identification
background prediction methods

Refine analysis and reconstruction techniques, or have new good ideas!
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